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Abstract: In this paper a rigid foundation of a rectangular shape is analyzed under the action of a vertical load placed
anywhere on the foundation area. A general method of analysis for calculating the pressure intensity corresponding to
a given settlement for eccentrically loaded square and rectangular footings resting on elastic soils has been found
through a comprehensive numerical procedure. The common assumption of linear contact pressure in footing-soil
interface is adopted for the solutions. Special attention has been given to the cases where there are inactive parts of
foundation, without contact with soil. The solution for these cases is not yet given in any Romanian codes. The
procedure has been made clear by giving an illustrative example.
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1 Introduction

The design of a rectangular footing usually starts with an
initial assumption of the most suitable dimensions of it.
With these dimensions under serviceability conditions
normally the bearing capacity of the ground should not
be exceeded. Once the suitable base size has been
established the footing may be designed for bending,
shear and punching shear at ultimate load conditions.
Under the action of a vertical load placed anywhere on
the foundation area tension between the footing and the
elastic soil in most cases may not appear. That’s why
sometimes inactive parts of foundation without contact
with soil will develop. In such cases the active part of
footing will be in full compression, but the maximum
pressure should be checked not to exceed the bearing
capacity of the ground soil. More than that the active
area of the footing is not allowed to be less than 80% of
the initial base area. The numerical procedure developed
in this paper solves the problem of finding the maximum
ground pressure and the size of the active area in the
case of eccentrically loaded rectangular footings with
linear pressure distribution. It should be noted that the
solution for these cases considering a linear pressure
distribution is not yet given in any Romanian codes.
Footings are commonly assumed to act as rigid
structures. As a consequence the vertical settlement of
the elastic soil beneath the base must have a planar
distribution because a rigid foundation remains plane
when it settles. A second assumption is that the ratio of
pressure to settlement is constant. So the pressure
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distribution below a rigid footing is considered to be
linear. Neither of these assumptions is strictly valid, but
each is generally considered sufficiently accurate for
ordinary problems of design.

2 Pressures distribution computation
A vertical load placed anywhere on the foundation area
is consider to act on the rectangular shape foundation.
As the cases with the entire footing area in compression
where treated in detail by Jarquio [1], Vitone and
Valsangkar [2], Algin [3] and others in this paper special
attention has been given to those cases with inactive
parts of the initial base of foundation. The following
notations are used:

B — width of footing area

L - length of footing area

e — eccentricity distance along x direction

ey — eccentricity distance along y direction

My — bending moment with respect to x axis

M, — bending moment with respect to y axis

pi — pressure magnitude at point i of the footing area
(compression)bending moment with respect to x axis

Pmax— Maximum compressive pressure

V — volume of the pressure distribution diagram

x0g — centre of gravity distance along x direction

y0g — centre of gravity distance along y direction

aria; — initial total area of the footing

aria — remaining active area the footing

I,y — moment of inertia with respect to x central axis
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(second moment of area)

ly,g — moment of inertia with respect to y central axis
ixg — radius of gyration with respect to x central axis

iy — radius of gyration with respect to y central axis

I, — moment of inertia with respect to y principal axis

I, — moment of inertia with respect to y principal axis

ix — radius of gyration with respect to x principal axis

iy — radius of gyration with respect to y principal axis

Xs — X distance of the corner of central core with
respect to x principal axis

ys — Yy distance of the corner of central core with
respect to y principal axis

Many foundations must resist not only vertical loads
but also moments and lateral loads about both axes.
When all loads are transferred to the footing we may
consider that they are produced by a resultant load F
located eccentrically at distances e, and e, from the
centroid of the base of the rectangular footing. The
method presented here can be used directly to calculate
the maximum ground compressive pressure and the size
of the active area in the case of eccentrically loaded
rectangular footings with linear pressure distribution for
all introduced load combinations. There is no need to
check if the eccentric load F is inside or outside of the
central core (L/6, B/6).

The method is based on the bending theory. In the
first instance the geometric characteristics of the initial
rectangular footing with respect to a central system axes
are found. Then it is assumed that the resultant load F is
placed in position e, and e, from the centroid of the base.
This is equivalent with taking in consideration the
effects of all applied loads (including bending moments)
in a very simple and effective way. We have

‘ 1)
where N, is the total applied vertical load.

If e, and e, represent a point inside the central core the
entire initial footing area will be in compression with the
characteristic values of the pressures in the corners given

by

P1234 = Grig, | 1T 2 T 2
@)

where ¥; is the x coordinate of the corresponding corner
and y; is the y coordinate of the corresponding corner.

When the resultant load F is placed outside the core
according to (2) tensions should appear at least at one
corner. But tensions cannot develop between the footing
and the elastic soil. That’s why a part of the initial
rectangular base becomes inactive (without contact with
soil). The problem to be solved is to find the edge of the
active area diagonal opposite to load F. This edge
represents the zero contact pressure line. The active area
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is totally in compression. The aim of the proposed
iterative numerical computing method is to find the
active area such that the total volume of the pressure
distribution diagram to equalize the resultant load F and
the centroid of this volume to be located along the
direction of F.

The first assumption for the zero contact pressure line
is the neutral axis given by bending theory. The neutral
axis is computed using its cutting distances on x and y
axes as

2. 02 .4
~ xg lyg ~'xyg
Xn=—— —
ext'ixg” ~ eytixyg 3
and
. 2. 2 . 4
_ 'xg "'va ~'xyg
A N AP
yt'lyg ~Ext'xyg 4)

Then the active area is considered that part of the initial
rectangular base having inside the resultant load F and the
neutral axis as one edge.

The pressure distribution is computed using the
geometric characteristics of this assumed active area
using equation (2).

If any tension is detected then the actual neutral axis
is translated along a direction normal to it in order to
reduce the active area, to increase the maximum pressure
and in this way to modify the position of the centroid of
the total volume of the pressure distribution diagram
moving it closer to F direction. This new neutral axis
becomes the assumed zero contact pressure line. The
changed position of the neutral axis is obtained by
modifying the coordinates of its ends as follows

Xh —Xa

K=y (Y ~Ya) +Xa 5
and

Yp —Ya
V0= (x=Xa) +Ya o

where (X,, Ya) — are the coordinates of one end and
(X, Yb) Of the other end.

The process is repeated until approximately zero
contact pressures are obtained along one edge of the
active area.

The following cases may appear
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Due to the applied bending theory relations the total
volume of the pressure distribution diagram equalizes
the resultant load F. The last check is done to see if the
centroid of this volume is along direction of F.
Mathematically this means that the load F is positioned
in the opposite to zero contact pressures edge corner of
the central core. The coordinates of the corner of the
core in the principal system of axes of the active area are
given by

i 2
o
S Xng
. )
an
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If
XS - eXa <e€ (9)
and
Yg — eya <e (10)

the final solution of the problem has been reached.

The four possible pressure distributions for a
rectangular footing under two-way eccentricity with
active area where drawn up for initial positive e, and ey
values. This numerical procedure is valid for any sign of
applied bending moments. The active area and the
maximum compression will rotate with respect to the
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centroid of the initial footing at bending moment sign
changing.

3 Numerical examples

The algorithm of the proposed method has been written
as an Mathcad application.

Example 1. Find the maximum soil pressure and the size
of the active area in the case of an eccentrically loaded
rectangular rigid foundation with the base footing of
L=2,0m and B=1.6m subjected to the action of a centric
compressive force N,=500 kN and two positive bending
moments M,=140 kNm and M,=150 kNm with linear
pressure distribution.

Using the above described procedure we get an active
area of aria=2.6168 m’ that is 81.77% of the initial total
area aria=3.2 m? The shape of the active area
corresponds with the first form givenl by Fig. 1.
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The maximum pressure on the elastic soil is
Pnax=502.86 m?.

Example 2. Modifying in example 1 just the bending
moment M, increasing its value to M,=200 kNm the
shape of the active area corresponds now with the

second form given by Fig. 2.
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Using the proposed algorithm we get an active area of
aria=2.095 m? that is just 65.55% of the initial total area
aria=3.2 m%.

The maximum pressure on the elastic soil
Pmax=657.38 m?.

is
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4 Conclusions

This paper presents a numerical method to determine the
stress in an elastic soil and the size of the active area for
a two-way eccentrically loaded rectangular footing,
assuming a linear pressure distribution. The method
consists in an iterative process which successively
adjusts the position of the zero contact pressure edge to
reach an active area fully in compression. The process is
implemented in a computer program. The program
directly evaluates the maximum pressure, the shape and
size of the active area. Any load combinations may be
considered. It has been found that zero contact pressure
edge position of a footing does not depend on the
magnitude of the eccentrically applied load, but on its
position on the footing. The computer program
represents a useful tool for Romanian designers as there
is no specified calculus method for the linear pressure
distribution in the presence of inactive areas in the
Romanian codes.
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